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(54) Abstract Tttle 

Human serum albumin expression and use In gene therapy 

(57) The present invention relates to DNA vectors as a means of gene therapy for the use in treatment of 
human and animal disease states that are characterised by failure or Inadequate functioning of the liver. This 
results .n the lowering of the blood levels of certain important proteins produced by the liver leading to 
hypoalbummaemla, anaemia, thrombocytopenia and coagulation disorders related to liver failure The 
rmSrising: 50 * % ° GXpresSi ° n CaSsette for ""P^ng a human serum albumin into a mammalian cell 

(i) a cDNA sequence of the human serum albumin, 

(ii) a transcriptional control sequence operably linked to said cDNA sequence. 



O 
CD 

CO 



CO 

ro 



Sandl (7476) 
RsrII (7457) V^coRI (1) 
SgrAI (7175) \ \ /Nhel (7) 
Smal (7150) \ \\ / / Swal (239) 
PshAI (6971) \ \ wWL / 



BspEI (6548) 
SphI (6310) 



Xcml (6118) 
BsiWI (6000) 

KasI (5818 



BbrPI (5527)' 



BamHI (521 
PvuII (5168) 

Bsu36I (4968) 




Sgfl (1182) 
Pvul(1183) 
AscI (1190) 

BsrGI (1540) 

Fspl (1766) 
vull (1807) 
spl (1882) 



Tthllll (4634) 



BstEII (3160) 
PvuII (3396) 



214 



aw- 



Patients treated with CMV-a!bumlnplasmld 




weeks post-first injection 



P>tl«nt» truted with myosin-* Ibumlnp la smk) 



u 




3h 

CQ'd TU101 




s I 




|eAe| uiuinqiv 
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A METHOD FOR PROMOTING EXTRA-HEPATIC PRODUCTION OF PROTEINS FOR THE 
CORRECTION OF HYPOALBUMINAEMIA, ANAEMIA, THROMBOCYTOPENIA AND/OR 
COAGULATION DISORDERS RELATED TO LIVER FAILURE. 



The present invention relates generally to the fields of human treatment of complications and 
side-effects disorders associated with a failure of the liver to produce proteins and albumin in 
particular, and more specially to expression cassettes and related recombinant DNA compounds 
useful in correction of low serum albumin (hypoalbuminaemia) by gene therapy. 

Human serum albumin (HSA) is a naturally-occurring, globular, nonglycosylated polypeptide 
(MW 65,000) comprising nearly 600 amino acid residues (see e.g. Lawn et al., 1981, Nucleic Acid 
Research, 9, 6103-61 13) synthesized in the liver of higher species. This protein plays important roles 
m 46 ° rganism 35 h *« mauitenance of orotic pressure; is involved in the binding and transport of a 
wide variety of substances such as fatty acids, ions (copper, nickel, calcium), bile, bilirubin, 
protoporphyrin, prostaglandins, steroid hormones, thyroxine, cystine, glutathione, various drugs and 
water soluble vitamins and the like; and additionally provides a direct source of amino acids to tissues. 

In healthy conditions HSA is the most abundant protein found in the plasma of adult humans where its 
concentration is about 40mg/ml. However, this level can dramatically decline in the context of many 
^^^P^^^^ 1lM ^^ nfye ^ htf ^ primary ^ 

secondary hver cancers, or infectious and inflammatory conditions, chemotherapy and radiotherapy 
treatments, malabsorption and nephrotic syndromes (for a medical revue, see Doweiko et al 1991 J 
Parenteral and Enteral Nutrition, 1 5, 476^83) which are generally associated with a reduced 'synthesis 
of album* or an excessive metabolization of said protein leading to plasma low concentrations and to 
completions or side effects such as hypovolemia, hypoproteinemia, ascites formation, oedema, etc 
Moreover, Goldwasser and Fe.dman (1997, J. Clin. Epidemiol, 50, 693-703) have reported an' 
association between hypoalbuminaemia and mortality risk. These authors have particularly shown an 
urease in the odds of death ranges from 2 4 o/ 0 10 56% for each 2.5mg/ml decrement in serum al bumiB 
concentration. HSA concentrations below 35 mg/ml indicates a pathologic! status. The method 
descnbed n the invention is a platform technology with applications for the treatment and correction 
of vanous human and animal disease states. Hypoalbuminaemia is not a single disease, but can occur 
as a consequence of many disease, Therefore the invention is not restricted in its use to the treatment 
of a smgle condition. Hypoalbuminaemia can occur if the liver has an underlying disease state and is 
fathng to produce adequate amounts of albumin. This occurs in diseases such as hepatitis, cirrhosis 
and hver cancer (both primary and ^cond^ry capers). Hypoalbuminaemia ^ W as the result of 
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any disease state that affects the body's metabolism, such as advanced cancer, the treatment of cancer 
with chemotherapy or radiotherapy, catabolic states such as severe infections or inflammation, 
malabsorption or the nephrotic syndrome and recovery from major surgery. All of these conditions, 
and many others, can result in a reduced level of albumin in the blood and would be suitable for 
treatment using the method described in this invention. In addition, the invention could be used to 
provide a source of other proteins, in addition to albumin, produced at sites other than the 
physiological source of the proteins in the body. In this invention the prime extra site of production is 
the skeletal muscle, but other sites could be included. The other proteins that could be used in this 
invention include, but are not restricted to, erythropoietin for the correction of anaemia, 
thrombopoietin for the correction of of thrombocytopaenia, protein C and protein F for patients 
requiring anticoagulation, and leptin for the treatment of obesity. In addition, the invention can be used 
to produce hormones and growth factors used by the human body at sites other than the physiological 
source of such hormones and growth factors. These would include but not restricted to insulin for the 
treatment of diabetes, endothelial nitric oxide synthetase (ENOS) for the prevention of thrombosis 
after coronary artery surgery or coronary balloon dilatation or myocardial ischaemia, Granulocyte 
Colony Stimulating Factor (GCSF), Macrophage Colony Stimulating Factor (MCSF) or Granulocyte 
Macrophage Colony Stimulating Factor (GMCSF), and/or interferon for the treatment of hepatitis or 
cancer. 

Careful treatment of hypoalbuminaemia is a key to improving quality of life and to reducing 
mortality risk of affected patients. The standard treatment of hypoalbuminaemia is the administration 
of albumin employed as a therapeutic drug. 

First, commercial HSA has been prepared from human plasma as a by product from the 
fractionation of donated blood. However, availability of human plasma is limited and careful heat 
treatment of the product prepared from human plasma should be effected to avoid potential 
contamination of the HSA product by hepatitis ~ and HTV viruses. Moreover, said isolation of HSA 
from natural sources is technically difficult, expensive and time consuming. 

Against this background related to consideration of ethics, safety and stability of supply, further 
efforts have centered on the development of efficient recombinant methods for the production of 
recombinant HSA in bacterial cells or yeast which could be used as a substitute for natural HSA (Hone 
et al., 1998, Gen. Phannac, 31, 811-815). 

Although effectiveness of the exogenous albumin supply to the patient has been supported, 
indicating that serum level can be transiently restored, said treatment still means that repeated 
adrninistration of albumin is required every 48 hours throughout the lifetime of die patient. 
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Accordingly.the prior art is deficient in providing a satisfactory treatment method providing an 
acceptable level of serum albumin and being compatible with quality of life of the patients. The 
present invention fulfills this longstanding need and desire in the art. 

Since the discovery that skeletal muscle can be transfected in vivo by transmuscular injection of 
plasmid DNA, this organ system has attracted considerable attention as a potential source of secreted 
therapeutic proteins. However, the efficiency of this method .of transfection is still low, even with 
the induction of muscle degeneration and regeneration through injection of myotoxic substances prior 
the injection of DNA. Accordingly, most studies so far have shown that expression is not high enough 
to increase the blood levels of circulating proteins, especially in case where this level should be high 
enough for permitting an improvement of the health. 

It was now surprisingly found that the transfection of a polynucleotide comprising the cDNA 
sequence of human serum albumin into vertebrate tissue leads to a dramatic expression of HSA which 
provides an efficient tool for correcting hypoalbuminaemia and associated disorders. In particular, it 
was surprisingly found that injection into muscular tissue of said polynucleotide leads to ' a 
significant augmentation of serum albumin levels for up to three months and to reduced complications 
or side effects in treated patients. Thus, the present invention first relates to an expression cassette, 
reliable recombinant DNA compound and their use for the preparation of a pharmaceutical 
composition which provide a steady constitutive level of expression allowing an effective amount of 
protein to be produced and a restoring in the treated patients albumin levels leading to improved 
clinical status. Generally, the present invention provides a gene therapy approach aiming to increase 
the serum albumin level at least to the lower value of the normal range. 

Therefore, the technical problem underlying the present invention is the provision of improved 
methods and means for the correction of hypoalbumineamia by gene therapy. This technical problem 
is solved by the provision of the embodiments as defined in the claims. 



>umin 



The present invention concerns an expression cassette for expressing a human serum alb 
into a mammalian cell comprising: 

(i) a cDNA sequence of the human serum albumin, 

(ii) a transcriptional control sequence operably linked to said cDNA sequence. 

According to a preferred embodiment, said expression cassette comprises a cDNA sequence of 
the human serum albumin having the nucleotide sequence set forth in SEQ ID NQ:1 



Said expression cassette can also be constructed by using a cDNA sequence of the human serum 
albumin of about 2.0kb in length obtained by enzymatic digestion by Kpnl and Sail of the plasmid 
PILMALB5 having the deposit accession number HSRRB HG226. 

It should be also noticed here that the cDNA production from mRNA is well described in 
the literature and that two cDNA sequences could be obtained from a unique mRNA depending 
on the oligonucleotide sequences used in order to initiate the reverse transcription of said mRNA. 
Said cDNA sequences differ only at their respective 5'end and/or 3'end where sequence variations 
can occur. Nevertheless, each of said cDNA sequences will comprise the correct sequence 
corresponding to said mRNA and accordingly can be used in the context of the present invention. 

"operably linked" means that the cDNA and the transcriptional control sequences are in a 
relatioship permitting them to function in their intended manner. Thus, for example, a promoter 
operably linked to a cDNA sequence is ligated in such a way that expression of the human serum 
albumin is achieved under conditions which are compatible with the transcriptional activaty of the 
promoter. These conditions are widely used in the technical field of the invention. 

"Expression of a gene, and therefore of the corresponding polypeptide", means that the 
encoding DNA sequence is first transcribed in mRNA, which itself is further translated in the 
corresponding polypeptide seouence. 

"Human serum albumin or HAS" according to the present invention preferably designates a 
polypeptide sequence as set forth in SEQ ID N:2 (Lawn) - However, comparison analysis of published 
HSA sequences (Lawn et al., 1981, Nucleic Acid Res., 9, 6103-6114 and Dugaiczyk et ah, 1982, 
PNAS, 79, 71-75 for example) shows that minor amino acid variations are acceptable in the HSA 
polypeptide sequence which do not affect the HSA properties. Accordingly, and with regard to the 
degenerescence of the genetic code, the skilled man can easily adapt the cDNA sequence of the 
present invention with respect to these minor changes. These specific embodiments are encompassed 
by the invention. 

"Transcriptional control sequence" designates the nucleic acid sequences which control the 
initiation of the transcription, the selection of the start position, which regulate the transcription level 
(enhancement or inhibition), which determine the type of polymerase directing the polymerisation of 
the transcribed mRNA, which control the transcription rate, the termination of said transcription, and 
the site of said termination. These sequences are widely analyzed, used and reported in the literature 
and can be readily obtained or adapted by those skilled in the art. 

In a specific embodiment, the transcriptional control sequence according to the invention 
comprises a promoter element which is selected from the group consisting of viral promoters. 
Examples of such viral promoters are the SV40 early and late promoters, the adenovirus major late 
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promoter, the Rous Sarcoma Virus (RSV) promoter, the Cytomegalovirus (CMV) immediate- 
early promoter, the herpes simplex virus (HSV) promoter, MPSV promoter, 7.5k promoter, vaccinia 
promoter and the Major-intermediate-early (ME)promoter. The Cytomegalovirus (CMV) immediate- 
early promoter is however preferred. 

The promoter nucleic acid sequence can be a naturally occurring promoter isolated from 
biological nucleic acid material or chemically synthesised. The promoter sequence can also be 
artificially constructed by assembling elements previously screened for transcriptional activity leading 
to potencies which can exceed those of naturally occuring ones (Li ct al., 1999, Nature Biotech 17 
241-245) ' ' 



According to the present invention, "nucleic acid sequence" means a fragment or a portion of a 
nucleic acid, without size limitation, which may be either linear or circular, natural or synthetic 
modified or not (see US 5525711, US 4711955 US 5792608 or EP 302175 for modification 
examples) . Depending on the considered sequence, it may be, inter alia, a genomic DNA. a cDNA or 
a synthesised DNA. More elaborated "nucleic acid sequences" such as "recombinant DNA 
compound" may be in the form of linear nucleic acid construct, and preferably in the form of plasmid 
Accordmg to the invention, said "recombinant DNA compound" should preferably be understood as a 
naked nucleic acid construct or " plasmid vector" (Wolff et al., Science 247 (1990), 1465-1468) or as 
nucleic acid construct formulated with at least one compound such as polypeptides, preferably viral 
polypeptides (for a review, see Robbins et al.. 1998, Tibtech, 16, 35-40) (said "recombinant DNA 
compound" is herein termed " viral vector") , or cationic lipids or clonic polymers which can 
partapate in the uptake or stabilization of the nucleic acid construct into the cells (see Ledley Human 
Gene Therapy 6 (1995) , 1 129-1 144 or Rolland, 1998, Therapeutic Drug Carrier Systems, 15 143-198 
for a rev,ew) (said "recombinant DNA compound" is termed " synthetic vector") . Accordin9 to the 
mvennon, the nucleic acid sequence can be homologous or heterologous to the host expressing cells. 

The expression cassette can be constructed using routine cloning techniques known « 0 persons 
sblled u, the art (for example, see Sambrook et al., 1989, Molecular Cloning-a laboratory manual ; 

Cold Spring Harbor Press). 

In still another aspect of the invention, the transcriptional control sequence further comprises at 
least one enhancer element. The definition of enhancers refers to regulatory elements which activate 
transcnption in a position and orientation independent way. Several enhancer elements have been 
•denufied to date in many genes. Preferably, the present enhancer element is a myosin light chain 
enhancer. More preferably, the enhancer used in the expression cassette of the present invention is of 
vertebrate origin, more preferably of mammalian origin. The rat myosin light chain 1/3 enhancer 
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(Donoghue et al., 1988, Gene & Dev., 2, 1779-1790) is especially preferred The enhancer element is 
operabry linked to the promoter, may be localized either upstream or downstream of said promoter and 
may be used in either orientation. In a specific construction of the present invention, said enhancer 
sequence is located upstream of said cDNA sequence of the human serum albumin. According to a 
preferred embodiment, said transcriptional control sequence comprises at the most three enhancer 
sequences, the sequence of which is identical or selected independendy of one another. 

The present invention is more specifically directed to an expression cassette comprising the 
sequence set forth in SEQ ID NQ:5 which codes for said myosin ligjit chain 1/3 enhancer, said CMV 
promoter and said cDNA sequence of the human serum albumin. 

In general, the transcriptional control sequence further comprises at least one sequence 
responsible for the polyadenylation of the transcribed RNA molecules. Said sequence may be selected 
in the group consisting of bGH (bovine growth hormone) polyadenylation signal (EP 173552), 5V40 
polyadenylation signal, globine polyadenylation signal. 

The invention also concerns an expression cassette further comprising a polynucleotide 
sequence encoding at least one polypeptide of interest which is distinct from human serum 
albumin, said polypeptide of interest being co-expressed with human serum albumin in said 
mammalian cell. It further concerns an expression cassette wherein said polynucleotide sequence is 
localized downstream of said cDNA sequence, is operably linked to the same transcriptional control 
sequence thereof and said cDNA and polynucleotide sequences being linked by an additional sequence 
comprising at least one ribosome binding site that facilitates translation of the encoded messenger. 
According to a preferred embodiment, said polypeptide of interest is a selectable marker such as an 
antibiotic resistance polypeptide or an hybrid polypeptide thereof. In a preferred embodiment, said 
antibiotic is bleomicin or the polynucleotide sequence encoding said hybrid is an hybrid gene 
bleomicin:thymidine kinase. The thymidine kinase gene encodes a product which is able in 
conjunction with a pro-drug such as gancyclovir (GCV) to kill cells expressing said gene product. 

From yet another perspective, the invention includes a recombinant DNA compound comprising 
at least one of the expression cassette above described. Said recombinant DNA compound can further 
include at least one nucleotide sequence containing or expressing targeting sequences, transport 
sequences, sequences involved in replication or integration, or sequence encoding a selectable marker, 
for example for antibiotic resistance (ampicilin, phleomycin, chloramphenicol), useful for selecting a 
cell in which said compound has been introduced. Example of such sequences have been reported in 
the literature and can be readily obtained by those skilled in the art. The recombinant DNA compound 
can also be modified in order to be stabilized with specific components such as spermine. 



As previously stated, the recombinant DNA compound of the invention may be a vector selected 
from the group consisting of plasmid vector, viral vector or synthetic vector. 

The invention further concerns a host ceU transformed with a said recombinant DNA compound. 
Said host cell is preferably a mammalian cell, and more preferably a human muscular cell. This cell 
can originate from various tissues including those of muscle, skin, nose, lung, liver, spleen, bone 
marrow, thymus, heart, lymph, bone, cartilage, pancreas, kidney, gall bladder, stomach, intestine, 
testis, ovary, uterus, rectum, nervous system, eye, gland, connective tissue, blood, tumor etc. 

According to the invention, "transformed" means either transfection or infection, and more 
broadly designate any transferring step resulting in introduction of said recombinant DNA compound 
m said host cell. Said transferring step can be implemented by any of a wide variety of ways, including 
method selected from the group consisting of adenoviral infection, transfection with nucleic acid 
coated particles such as lipoplexes (cationic lipid /nucleic acid complexes) or polyplexes (cationic 
polymer Inucleic acid complexes) or the like, calcium phosphate transfection of plasmid, transfection 
with naked nucleic acid, electroporation method or any combination thereof. However, the particular 
method for mtroducing the foreign nucleic acid sequence is not crucial to the invention. 

Moreover according to a specific embodiment, said transformed host cell is a human muscle 
and ,s further encapsulated. CeU encapsulation methodology has been previously described which 
allows transplantation of encapsulated cells in treatment of Parkinson's disease (Tresco et al., 1992 
ASAIO J., 38, 17-23) or Amyotrophic lateral sclerosis (Aebischer et al., 1996, Hum. Gene Ther 7 
851-860). According to said specific embodiment, transformed cells are encapsulated by compounds 
winch form a micropores membrane, and said encapsulated cells can further be implanted in vrvo 
Capsules, for example approximately 1 cm in length containing the cells of interest may be prepared 
employtng a hollow micropores membrane fabricated from poly-ether-sulfone (PES) (Akzo Nobel 
Faser AG. Wuppertal, Germany; Deglon et al 1996, Hum. Gene Ther., 7, 2135-2146). This membrane 
has a molecular weight cutoff greater than l,000,OOODa, which permits the free passage of proteins 
and numents between the capsule interior and exterior, while preventing the contact of transplanted 
cells with host cell, The entrapped cells may be implanted by intradermal, subdermal, intravenous, 
intramuscular, intranasal, intracerebral, intratracheal, intraarterial. intraperitoneal. intravesical 
uttrapleural, intracoronary or intratumoral way, In case where said transformed host cell, is a 
myoblast, it can migrate from the site of injection to muscles where expression of human serum 
albumin can occur. 



The present invention concerns the specific use of a cDNA sequence of the human 



serum 



albumin, of an expression cassette, of a recombinant DNA compound or of a transformed host cell as 
previously disclosed for the preparation of therapeutic composition intended for gene transfer, 
especially for the treatment of the human or animal body. Administration into vertebrate target 
tissues, and more specifically into the muscle, can be performed by different delivery routes (systemic 
delivery and targeted delivery) . According to the present invention, the prepared therapeutic 
composition is preferably administered into muscle, however prepared therapeutic composition 
administration can also occur in other tissues of the vertebrate body including those of muscle, skin, 
brain, lung, liver, spleen, bone marrow, thymus, heart, lymph, bone, cartilage, pancreas, kidney, gall 
bladder, stomach, intestine, testis, ovary, uterus, rectum, nervous system, eye, gland, connective tissue, 
blood, tumor. The human serum albumin can thus be excreted in body fluids (eg. blood) allowing its 
delivery in patient organs or said polynucleotide can be associated with targeting molecules which are 
capable to point its uptake into targeted cells. Gene therapy literature provides many mechanisms for 
efficient and targeted delivery and expression of genetic information within the cells of a living 
organism (see for example European patent application n°98/401 108.0) . Said administration may be 
made by intradermal, subdermal, intravenous, intramuscular, intranasal, intracerebral, intratracheal, 
intraarterial, intraperitoneal, intravesical, intrapleural, intracoronary or intratumoral injection, with a 
syringe or other devices. Transdermal administration is also contemplated, as are inhalation or aerosol 
routes. Intramuscular administration route is preferred. 

The present invention allows repeated administrations to the patient without major risk of the 
administered preparation to induce a significant immune reaction. Administration may be by single or 
repeated dose, once or several times after a certain period of time. Repeated administration allows a 
reduction in the dose of recombinant DNA compound administered at a single time. The route of 
administration and the appropriate dose vary in function of several parameters, for example the 
individual patient, the side effects of the disease, or the albumin level before treatment. 

In general, the concentration of polynucleotide in the pharmaceutical compositions is from 
about 0.1 jig/ml to about 20 mg/ml. 

The active dose, or the amount of recombinant DNA compound which should be injected for 
obtaining satisfactory serum albumin levels, is from about 1 mg to about 50 mg, preferably from about 
2 mg to about 24 mg. Said active dose can be administered in a unique administration or in multiple 
ones distributed into one or more days. For example, the adrninistration cycle is composed of three 
days treatment : injection of 2 to 8 mg the first day, 2 to 8 mg the second day and 2 to 8 mg the third 
day. Preferably, the maximum single dose is 8 mg of DNA administered. The separate 
administrations can be performed by different delivery routes (systemic delivery and targeted 
delivery, or targeted deliveries for example) . In a preferred embodiment, each should be done into the 



same target tissue and most preferably by injection. 

In a further preferred embodiment the invention pertains to a pharmaceutical preparation comprising at 
least one of the complexes described above and also incorporating at least one adjuvant capable of 
nnprovmg the transfection capacity of said complex or gene expression into cell and selected from the 
group cons,sting of chloroquine, orotic compounds such as propylene glycol, polyethylene, glycol 
glycerol, ethanol, 1-methyl L-2-pyrrolidone or derivatives thereof, aprotic compounds such as 
dimethylsulfoxide (DM50), diethy.sulfoxide, di-n-propylsulfoxide, dimethylsulfone, sulfolane 
drmethyl-formamide, dimethylactamide, tetramethylurea, acetonitrile or derivative, The composition 
may also advantageously comprise a source of a cytokine which is incorporated in the form of a 
polypepnde or as a polynucleotide encoding the cytokine. Preferably, said cytokine is interleukin 10 
OL-b) (see European patent application filing number 98 40 1667.5 or related foreign application) 
The therapeutic composition can further comprise an nuclease inhibitor such as actine G (see 
European patent application tiling number 98 40 1108.0 or related foreign application), or specific 
rnagnesrum concentration (see European patent application, filing number 98 40 2424 0 or related 
foreign application) 
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and animal body in which there is a failure or relative failure of the liver to produce proteins 
or sufficient quantities of the said proteins to maintain normal function o the tissues or body. 
Such proteins would include coagulation factors, thrombopoietin. The methods described in 
the invention would also apply to conditions or diseases of the human or animal body in 
which there is a failure of the body or organs of the body to produce sufficient hormones, 
enzymes, growth factors, cytokines or other substances necessary for normal function or 
homeostasis. The other proteins that could be used in this invention include, but are not restricted to, 
erythropoietin for the correction of anaemia, thrombopoietin for the correction of of 
thrombocytopaenia, protein C and protein F for patients requiring anticoagulation, and leptin for the 
treatment of obesity. In addition, the invention can be used to produce hormones and growth factors 
used by the human body at sites other than the physiological source of such hormones and growth 
factors. These would include but are not restricted to insulin for the treatment of diabetes, endothelial 
nitric oxide synthetase (ENOS) for the prevention of thrombosis after coronary artery surgery or 
coronary balloon dilatation or myocardial ischaeraia, Granulocyte Colony Stimulating Factor (GCSF), 
Macrophage Colony Stimulating Factor (MCSF) or Granulocyte Macrophage Colony Stimulating 
Factor (GMCSF), and/or interferon for the treatment of hepatitis or cancer. 

The following examples illustrate the invention. 

Example 1 ^ 

Case Nos 1, 2 and 3 demonstrate the rise of serum albumin in 3 patients following the 
administration of plasmid encoding albumin. Each patient received 1.5mg intra-muscular 
DNA daily for 4 consecutive days. 

Case 1 : A middle-aged male patient with long-standing cirrhosis due to hepatitis. The patient 
had marked ascites and a serum albumin level of 1.9mmol/l (normal >3.2mmol/l). The 
DNA/Promotor was administered once daily, at a dose level of 1.5mg, for four consecutive 
days. The patient was receiving no additional therapy. Serum albumin level rose to 2.7mmol/l 
within three weeks and this level was sustained for ten weeks. After sixteen weeks the serum 
albumin level had fallen to 2.3mmol/l. During this period the ascites improved significantly. 

Case 2: An elderly male patient with hepatocellular carcinoma resulting from hepatitis and 
cirrhosis. The patient was not receiving any therapy for the condition. The serum albumin pre- 
treatment was 3.0mmol/l. Intra-muscular injections of DNA/Promotor were given, as in case 
1. Serum albumin levels rose to 3.9mmol/l within three weeks and remained at normal levels 
for three months. 

Case 3: A patient with cirrhosis due to hepatitis C infection. The patient was receiving 
diuretics (aldactone and lasix) as treatment for ascites. Pre-treatment the patient's serum 
albumin level was 2.9mmol/l. This level rose to 3.7mmol/l after the course of treatment with 
the DNA/Promotor. This was accompanied by a significant improvement in the ascites. 
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Swal (239) _ 

238 = "A . G T TAAGA ACATGTGAGCAAAAGGCCAGCAAAAGCC CAGGAACCGTAAAAAGGCCGCGTTGCTGGCG 

317 'TTT-CCATAGCCTCCGCCCCCCTviACgAGCATCACAAAAATCGACGCTCAAGTCA^A^TCCCGAAACCCGACAGGAC 

396 TA7AAAGATACCAGCCG777CCCCC7GGAAGC7CCCTCG7GCGC7C7CC7G77CCGAC CaGCCGC77ACCGGATACC7 

475 GTCCCCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAgGTATCTCAGTTCGGTCTAGGTCGTT 

554 CGCTCCAAGC7GGGC7G7G7GCACGAACCCCCCG7TCAGCCCGACCGC7GCGCC77A7CCGG7AACT A7CGTC77GAG7 

633 CCAACCCGG7AAGACACGAC77A7CGCCAC7GGCAGCAr,CCAC7GG7AACAGGA-7AGCAGAGCGAGG 7A7G7AGGCGG 

712 ^C7ACAGAG77C77GAAG7GG7GGCC7AAC7ACGGC7ACAC7AGAAGAACAG7A77 7GG7A-C7GCGC7CTGC7GAAG *!' 

791 ^AG7 T ACC7TCGGAAAAAGAG77GG7ACcrC77GA7CCGGCAAACAAACCACCGC7G G7AGCGG7GG77TT777G777 < • • '* ' ' 

870 GCAAGCAGCAGA77ACGCGf!AGAAA AAAAGGA.7C7CAAGAAGA7CC777GATC7777C7AC GGGG7C7GACGC7CAG7G .1. 

949 ^ACGAAAAC7CACG77AAGGGAT7T7GGrCA7GGC7A G77AA77AAGC7GC AA7AAACAA7CAT7ATTTTCAT7GGA7 -::»;» 

1028 ^GTGTGT7GG77TT77GTGTGGGC77GGGGGAGGGGGAGGCCAGAATGAC7CCAAGAGCTACAGGAAr.Gr A r; f :Tr A r:A. 



t • * * 



1107 ^CCCCACTGGACAAACAG7GGCTGGAC7CTGCACCATAACACACAATCAACAGGGGAG7GAGCTGG ATCGAGCTGC^ 
AscI (1190) 

1265 GCACA77TCCCCGAAAAG7GCCACC7GACGTCGACGGA7CGGGA GATCCGCTAT7AATCCCAGAGCCCT TGGAAGCCAG 
1344 A ^AAGATG7ATC7C7GAGTT7GAGGC7ACCCTAC T CTACAGAAAGAG7TCCAGGACAGACA7TACACGAGAAGCCCTG 
1423 ^CCCTCTCTAAAATAAAAGTAT7T T CAGAAGCATAAAGGTCACAGTGTAGAGAAAATGACTGCTACACGTAGTCT TAA 
1502 TTATAGAGGGCTCTTTTTTTTTTTTTTTTr AT/-T/-T/-/-T^T^i /if i^i. 



TTATAGAGGGCTCTTTTT7TT7TTTT7T7GATCTGTGGTG7ACATGTC77TACATTTTTTTfA 



AGATAGAAAAGCATGA 



1581 TG7CTG7GCGG7A7AAATTGTTCGT777GAGCCTTGTG7ATAACGCTTTCC7CTCA 



AGATTTTATAATAGTGCTTTAAC 



1660 TG7CCCCACGGGC7AACT7CAGCACACTGTCA7GGGACC7AA 



CCT7AT7AAA7TACCATGTG7GAACCGCTCATAACTC 



1739 AAG7CGCAGCAGG7GCAAAAATGGAGC7GC^AGGCAGAAGAGTGA7CG7CA7T77TAAAATCCCCACa 

1818 CCAACAGGTGCCTAATTCCTCATC ^^ 

1897 ^TTAAACCATCTTCAAG7TACC777CCTCACAAAA7ACA7TA7GTGCTGA7T7TTTTG7CTrAAAAT,Ar,T TT . A 



*76 AGTCTAAGCATATAAAAATTT ATTTCTTTTTAGAAATGAAATTATTATTTAACTGGAGACTTAAATTGTGTCTTAACTC 

2055 TTGCTCCTCCCCTTTTCCC CTTTTGTCCCTTCTCTCCCCACTCCCCTCCCCTTCTCTTCACATGCTCATGGCGGGCTCT 

2134 TCTCTTTCCTACTCTTCTTCTT TCTCTCATCCCTCTCCCTTGTCTTGTCCTTTCACTAAACCTTTCCACATGGAAAAAA 

2213 TAAATTGTATCTTAAAGCTCGGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTT 

2292 AAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAA 
2371 GGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCG 



2450 
2529 
2608 
2687 
2766 
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Bstfcl 

CTCTTCTGTCAACCCCACGCCTTTGGCACAATGAAGTGG.**. 
3082 l^MetLysTrp 
3161 G^ACCTTTATTTCCCTTCTTTTTCTCTTTAGCTCGGCTTATTCCAGGGGTGTGTTTCGTCGAGATGCAC^ACAAGAGTG. 

A> vll Thr Phel I eSer LeuLeuPheLeuPheSer SerA I aTyr Ser Ar gGI yVa I PheAr gAr gAspAl aHisLysSer ff. , , 
3240 AGGTTGCTCATCGGTTTAAAGATTTGGGAGAAGAAAATTTCAAAGCCT^ 

Sm "a I Al .Hi sAr gPheLysAspLeuGI yGI uGl uAsnPheLysAl aLeuVal Leu. 1 eAI aPheA. aGI nTyrLeuG. » 

3319 GCAGTGTCCATTTGAAGATCATGTAAAATTAGTGAATGAAGTAACTGAATTTGCAAAAACATGTGTAGCTGATGAGTCA 
\l> nn nCvsPr oPheGI uAspHi sVa I LysLeuVa lAsnGI uVa I Thr Gl uPheAl alysThr CysVa I A I aAspGI uSer 

3398 GCTGAAAATTGTGACMATCACTTCATACC 

S^AlaGluAsnCysAspLysSerLeuHisThrLeuPheGlyAspLysLeuCysThrValAlaThrLeu^^ 
3477 GTGAAATGGCTGACTGCTGTGCAAAACAAGAACCTGAGAGAAATGAATGCTTCTTGCAACACAAAGATG^ 

i not ?IrV hmI tAI aAsoCvsCysAl aLysGI nGI uPr oGI uAr gAsnGI uCysPheLeuGI nHi sLysAspAspAsnPr oAs 
3556 CCTCCCCCGATTGGTGAGACC^ 

135>nLeup7oA^Le U ValArgProG^ 
3635 TACTTATATGAAATTGCCAGAAGACATCCTTACTTTTATGCCCCG 

1 1» t! InTv flul eAI aAr oAr qHi sPr oTyr PheTyr Al aPr oGI uLeuLeuPhePheAl aLysAr gTyr LysAI aA 
3714 CTTTTACAGAATGTTGCCAAG^TGCT^ 

llt> I aPheThrGI uCysCysGI nAI aAt aAspLysAI .Al aCysLeuLeuPr oLysLeuAspGI uLeuAi ^gAspGI uGl yLy 
V>ll GGCTTCGTCTGCCAAACAGAGACTCAAATGTGCCAGTQ 

Z1A> sAfaS^SerA aLysGI nAr gLeuLysCysA. .SerL.uGlnLysPheGlyGI uArgAl .PheLy^l .Tr^l .VJI 
r f TCGCCTGAGCCAGAGATTTCCCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGATCTTACCAAA 

"I"gLeuSe G^gPhePr oLysA, .Gl uPheAl .Gl uVa. Ser LysLeuVa I Thr AspL.uTh, " LysV. .1 H. sT 
3951 CGGAATGCTGCCATGGAGATCTGCTTGAATGTGCTGATGACAGGGCGGACCTTGCCAAGTATATCT^ 

hrfl uCvsCvsHi sGI yAspLeuLeuGl uCysAI aAspAspAr gAI aAspLeuAl aLysTyr I I eCysGI uAsnG nAs 
4030 TTCGATCTCCAGTAAACTGAAGGAATGCTGT^ 

4188^^AAAGGATGTCT^CCT^ 

"III "iy sAspVa^h e'luGf yMe t PheLeuTy r G. uTyr A I aAr gAr gHi s Pr oAs ply r SerVal Va I LeuLeuLeuAr 



( . . t 67 acttgccaagacatatcaaaccactctagagaagtg'ctgtgcccctgcagatcct'catgaatgctatgccaaagtgttc 

• 372> gLeuAl aLysThrTyrGI uThrThrUuGI uLysCysCysAI aAl aAl aAspProHi sGI uCysTyrAI aLysVa I Phe 
4346 GATGAATTTAAACCTCTTGTGGAAGAGCCTCAGAATTf AATCAAACAAAA'CTGTGAGCTTTTTAAGCAGCTTGGAGAGT 
399> AspGI uPheLysPr oLeuVa I Gl uGl uPr oGI nAsnLeul I eLysGI nAsnCysGI uLeuPheLysGI nLeuGI yGI uT 

4425 ACAAATTCCAGAATGCGCTATTAGTTCGTTACACCAAGAAAGTACCCCAAGTGTCAACTCCAACTCTTGTAGAGGTCTC 
425^ yr LysPheGI nAsnAI aLeuLeuVa I Ar gTy r Thr LysLys Va I Pr oGI nVa I Ser Thr Pr oThr LeuVa I Gl uVa I Se 

4504 AAGAAACCTAGGAAAAGTGGGCAGCAAATGTTGTAAACATCCTGAAGCAAAAAGAATGCCCTGTGCAGAAGACTATCTA 
451> rArgAsnLeuGlyLysVal GlySerLysCysCysLysHi sProGI uAI aLysArgMetProCysAI aGI uAspTyrLeu 

4 i^L I CCGTGGTCCTGAACCAGTTATGK ^ 

478> Ser Va I Va I LeuAsnGI nLeuCys Va I LeuHi sGI uLysThr Pr oVa I Ser AspAr gVa I Thr LysCysCysThr Gl uS 
4662 CCTTGGTGAACAGGCGACCATGCTTTTCAGCTCTGGAAGTCGATGAAACATACGTTCCCAAAGAGTTTAATGCTGAAAC 
J!i !rTr*rriT^ A x^ r ,^?$ y f heSerA ' aLeuG1 uValAs P GI "Thr Tyr Va I Pr oLysGI uPheAsnAI aGI uTh 
4741 ATTCACCTTCCATGCAGATATATGCACACTTTCTGAGAAGGAGAGACAAATCAAGAAACAAACTGCACTTGTTGAGCTT 

aIII XrtVlr ^??lrJi e !? ySThr LeuSer G ' uLysGI gGI 1 e LysLysGI nThrAI aLeuVa I Gl uLeu 

4820 GTGAAACACAAGCCCAAGGCAACAAAAGAGCAACTGAAAGCTGTTATGGATGATTTCGCAGCTTTTGTAGAGAAGTGCT 
557> Val LysHi sLysProLysAI aThr LysGI uGl nLeuLysAI aVa IMetAspAspPheAl aAl aPheVal Gl uLysCysC 
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4899 GCAAC6CTWCCATAA6GAGACCT6CTTTGCCCACGACGCTAAAAAACTTGTTCCT6CAACTCAAGCTGCCTTACCCTT S) 
' ™?ii?trK??tn?rrT5^ri^! UGI uGI y-yLysLeuVil Al aAl aSerGI nAI aAl aLeuGI yLe' 
cao / C ATCACATTTAAAAGCATCTCAGCCTACCAT CAGAATAAGAGAAAGAAAATGAAGATCAAAAGCTTATTCATCTG 

5057 TTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCT 

PvuII (5168) * 

5136 GTGCTTCAATTAATAAAAAAAAAAAAAAAAACCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAATG** : 
BamHI (5216) *' 

5215 GGGATCCTCTAGATTGAGTCGACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATT , 
5294 TTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCT GTCTTCTTGACGAGCATTCCTAGGGGT.**. 
5373 CTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGAC " 



5452 AAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGC CTaGCGGCCAAAAGCCACG^/j 
5531 TGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGA GTTGGATAGTTGTGGAAAGAGTCAAATGG 
5610 CTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCC CATTGTATGGGATCTGATCTGGGGCCTC 
5689 GGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCT 



5768 TTGAAAAACACGATAATACC ATGGgtaagtgatatctoctagttgtgaccg^crtaotattaocnnt^n^^ 
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5847 "ta9tQt 0 tcggc 0 ta g tat a otacgoctcoct 0 toggogggccoccfltgtcg a ctoctaacctt cttctctttccta 

5926 ^CTTCCTACCCCCGCCATCAACACG« 
6005 CGCClTGclVc/^ 

«9«5 GGCGT I GCGCCCKGCCGGCAGCAAGAAGCCACGGAAGTCCGCCCGGAGCAGA AAATGCCCACGC TAfTf CC C fTTTAT 
25> r Al aLeuAr gPr oAr gAr gGI nG. nG. uA. aThr G. uVa I Ar 8 Pr oGI uGI nLysM^Pr ^"CuU^r gvllljr 

60 2? k A ! AGACGGTCCCCACGGGA7GGG ^^ 

K Jf i^^ yPr0HisG,yMetGlyLysThrThrThrThrGln LeuLeuValAl a LeuGly^ 
7 «>y'V.IProGluProM.tThrTyr^^^ 

62 1V CTCGACC . AGGGTG ^ 

l">!»LeuAspGlnGlyG.u.leSerA. a G.yAs^ 



jZl GCCGTGACCGACGCCGTTCTGGCTCCTCATATCGGGGGGGAGGCTGGGAGCTCACATGCCCCGCCCCCGGCCCTCACCC 
13l»AlaValThrAspAlaValLeuAlaProHisl I eGl yGI yGI uAI aGI ySer Ser Hi sAI aPr oPr oPr oAl aLeuThr L 
6400 TCATCTTCGACCGCCATCCCATCGCCGCCCTCCTGTGCTACCCGGCCGCGCGGTACCTTATGGGCAGCATGACCCCCCA 
157>eul I ePheAspArgHisProl leAlaAl aLeuLeuCysTyr Pr oAl aAl aAr gTyr LeuMetGI ySerMetThr ProGI 

BspEI (6548) 

6479 GGCCGTGCTGGCGTTCGTGGCCCTCATCCCGCCGACCTTGCCCGGCACCAACATCGTGCTTGGGGCCCTTCCGGAGGAC 
183> nAlaValLeuAlaPheValAI aLeul I eProProThrLeuProGI yThrAsnl I eVal LeuGlyAI aLeuProGI uAsp 
6558 AGACACATCGACCGCCTGGCCAAACGCCAGCGCCCCGGCGAGCGGCTGGACCTGGCTATGCTGGCTGCGATTCGCCGCG 
210»ArgHisl I eAspAr gLeuAl aLysAr gGI nArgProGlyGI uAr gLeuAspLeuAl aMetLeuAl aAl a I leArgArgV 
6637 TTTACGGGCTACTTGCCAATACGGTGCGGTATCTGCAGTGCGGCGGGTCGTGGCGGGAGGACTGGGGACAGCTTTCGGG 
236^ a I Tyr Gl yLeuLeuAl aAsnThr Va I Ar gTyr LeuGI nCysGI yGI ySer Tr pAr gGI uAspTr pGI yGI nLeuSer Gl 
6716 GACGGCCGTGCCGCCCCAGGGTGCCGAGCCCCAGAGCAACGCGGGCCCACGACCCCATATCGGGGACACGTTATTTACC 
262> yThrAI aVal Pr oPr oGI nGI yAl aGI uPr oGI nSer AsnAI aGI yPr oAr gPr oHi s I I eGl yAspThr LeuPheThr 
6795 CTGTTTCGGGCCCCCGAGTTGCTGGCCCCCAACGGCGACCTGTATAACGTGTTTGCCTGGGCCTTGGACGTCTTGGCCA 
289> LeuPheArgAl aPr oGI uLeuLeuAl aProAsnGI yAspLeuTyrAsnVal PheAl aTr pAI aLeuAspVa I LeuAl aL 
6874 AACGCCTCCGTTCCATGCACGTCTTTATCCTGGATTACGACCAATCGCCCGCCGGCTGCCGGGACGCCCTGCTGCAACT 
315> ysAr gLeuAr gSerMe tHi sVa I Phel I eLeuAspTyr AspGI nSer ProAl aGI yCysAr gAspAl aLeuLeuGl nLe 
6953 TACCTCCGGGATGGTCCAGACCCACGTCACGACCCCCGGCTCCATACCGACGATATGCGACCTGGCGCGCACGTTTGCC 
341> uThr Ser Gl yMe tVa I Gl nThr Hi sVa I Thr Thr Pr oGI ySer I I ePr oThr 1 1 eCysAspLeuA I aAr gThr PheAl a 
7032 CGTGAGATGATCAGCGGAGCTAATGGCGTCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCG 
368>ArgGluMetl I eSer Gl yAl aAsnGI yVal MetAI aLysLeuThr Ser Al aVal Pr oVal LeuThrAI aAr gAspVal A 

Smal (7150) SgrAI (7175) 

7111 CCGGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACTTCGCCGGTGTGGTCCG 
394^ I aGI yAl aVal Gl uPheTrpThrAspArgleuGI yPheSerArgAspPheVal Gl uAspAspPheAl aGI yVal ValAr 
7190 GGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGC 
420> qAspAspValThrLeuPhel I eSerAI aVal Gl nAspGI nVal Va I Pr oAspAsnThr LeuAl aTr pVa I Tr pVa I Ar g 
7269 GGCCTGGACGAGCTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCATGACCG 
447> Gl vLeuAspGI uLeuTyrAI aGI uTrpSerGI uVal Val SerThrAsnPheArgAspAl aSerGlyProAl aMetThrG 
7348 AGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCCGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGA 
473> I ul I eGl yGI uGl nProTrpGlyArgGI uPheAl aLeuAr gAspProAl aGlyAsnCysValHisPheValAI aGI uGl 

RsrII (7457) Sandl (7474) 

7427 GCAGGACTGACCGACGCCGACCAACACCGCCGGTCCGACGGCGGCCCACGGGTCCCAG 

499> uGl nAsp*«« 



EXHIBITS 

SEQ ID NQ:1 Sequence of plasmid showing the construct containing the reporter gene olus 
required enhancer sequence, promoter sequence and associated sequenced ic allow the 
plasmid to function according to this invention. 

Figure 1 . Diagramatic construct of plasmid as defined in SEQ ID NQ:1 

Figure 2: Mean changes in serum albumin levels in patients treated with either mvosin 
albumin plasmid vector or CMV albumin plasmid. wim eitner myosin 

Sin pSr al ChangCS " SCrUm albUmi " ,CVelS *™ in ^-ts treated with 
-WiSX 27 ^t*-* 1 leVdS ^ *» fa 1— 3 *- two 
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CLAIMS 

An expression cassette for expressing a human serum albumin into a mammalian cell 
comprising: 

(i) a cDNA sequence of the human serum albumin, 

(ii) a transcriptional control sequence operably linked to said cDNA sequence. 

Expression cassette of claim 1 wherein said cDNA sequence of the human serum 
albumin has the nucleotide sequence set forth in SEQ ID NO:l 

Expression cassette of claim I wherein said cDNA sequence of the human serum 
albumin is the nucleic acid sequence of about 2.0kb in length obtained by enzymatic 
digestion by Kpnl and Sail of the plasmid pILMALBS having the deposit accession 
number HSRRB HG226 

Expression cassette of claims 1-3 wherein said transcriptional control sequence 
comprises a promoter element selected from a viral promoter. 

Expression cassette of claim 4 wherein said viral promoter is selected from SV40 early 
and late promoters, the adenovirus major late promoter, the Rous Sarcoma Virus 
(RSV) promoter, the Cytomegalovirus (CMV) immediate-early promoter and the 
Majorintermediate-early (MIE) promoter. 

Expression cassette of claims 4-6 wherein said transcriptional control sequence 
further comprises at least one enhancer element. 

Expression cassette of claim 7 wherein said enhancer element is a myosin light chain 
enhancer. 

Expression cassette of claim 8 wherein said myosin light chain enhancer is a myosin 
light chain 1/3 enhancer. 

Expression cassette of claim 9 wherein said enhancer has the nucleotide sequence set 
forth in SEQ ID NO: 1 

Expression cassette of claims 7-10 wherein said transcriptional control sequence 
comprises at the most three enhancer sequences the sequence of which is identical or 
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selected independently of one another. 

Expression cassette of claims 7-1 1 wherein said enhancer sequence is located upstream 
of said cDN A sequence of the human serum albumin. 

Expression cassette of claim 1 having the sequence set forth in SEQ ID NO:l which 
codes for said myosin light chain 1/3 enhancer, said CMV promoter and said cDNA 
sequence of the human serum albumin. 

Expression cassette of claim 1 further comprising a polynucleotide sequence of 
mterest encoding at least one polypeptide of interest distinct from human serum 
albumin, said polypeptide of interest being co-expressed with human serum albumin in 

said mammalian cell. 

Expression cassette of claim 14 wherein said polynucleotide sequence of interest 
is operably linked to the transcriptional control of said cDNA sequence and 
comprises at least one ribosome binding site that facilitates translation of messages 
of any of said polynucleotide seoruence of interest. 



A recombinant DNA compound comprising at least one of the expression cassette 

of claims 1-15. 



A compound of claim 16 which comprises at least one nucleotide sequence 
conta,mng or expressing a selectable marker useful for selecting a cell in which 
said compound has been introduced. 

A compound of claim 17 wherein said nucleotide sequence containing or expressing a 
selectable marker is an antibiotic resistance gene or an hybrid gene thereof. 

A compound of Cairn 18 wherein said antibiotic is bleomicin or said hybrid is 

bleomicinrthymidine kinase 

A compound of claims 15-18 wherein said recombinant DNA compound is a vector 
selected from the group consisting in plasmid vector, viral vector or synthetic vector. 

A host cell transformed with a compound of claims 15-20. 



22 A pharmaceutical composition comprising the compound of claims 15-20. 

23 . Use of a cDNA sequence of the human serum albumin for the preparation of a 

pharmaceutical composition intended for gene transfer. 

24 . Use of an expression cassette of claims 1-14 or of a recombinant DNA compound 

of claims 15-20 for the preparation of a pharmaceutical composition intended for 
gene transfer. 

25 . The use of claims 23-25, wherein said gene transfer is gene therapy for the treatment of 
the human or animal body. 

26 . The use of claims 23-25, wherein said pharmaceutical composition is designed to be 

administered in a form which can be injected by the intramuscular route. 

27 A method for treating a disorder associated with hypoalbuminemia in a mammalian 
organism comprising the step of transferring a vector into tissue or cells of said 
organism, wherein said vector comprises an expression cassette of claims 1-14 such that 
human serum albumin is expressed resulting in the treatment of said disorder. 

28. Method of claim 27, wherein said disorder is selected in the group consisting of but not 
restricted to cirrhosis, liver failure, primary and secondary liver cancers, bacterial or viral 
infections, trauma 



• • • • 
• * 



29. Method of treating a human or animal subject, which subject is suffering from a 
failure or malfunctioning of the liver to produce protein(s) resulting in conditions 
such as but not limited to hypoalbuminaemia, anaemia, thrombocytopenia and 
coagulation disorders, which comprises administering to the skeletal muscle of said 
subject an effective amount of a construct or vector according to the preceding 
claims encoding said functional protein such as albumin, erythropoietin, 
thrombopoietin and coagulation factors II,VII,IX and XI . In so doing the host 
muscle becomes an extra-hepatic source of production of said protein(s). 



30. A construct according to claim29 which further comprises an enhancer element. 



31. A construct according to any one of the preceding claims wherein the functional 
protein is erythropoietin. 
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A construct according to any one of the preceding claims wherein the functional 
protein is thrombopoietin. 

A construct according to any of the preceding claims where the gene encoding 
for endorphins, insulin, antisense gene for angiotensin, fibroblast growth factor 
(FGF), vascular endothelial growth factor (VEGF), angiostatin, endostatin, or 

thrombospondin is included. 

A construct according to any of the preceding claims where the plasmid is 
encoded for interferon, or the gene encoding the envelope protein or core protein 
of viruses such as, but not exclusively, hepatitis B & C or HIV. 

A construct according to any of the preceding claims where the plasmid is 
encodmg specific tumour associated antigens including, but not exclusively 
carcmoembryonic antigen (CEA), CA125, CA19.9 or prostate specific antigen 

(PSA). 

A construct according to any of the preceding claims where the plasmid is 
encodmg amino acid sequences or proteins produced or related to the low 
dens lt y lipoprotein (LDL), very low density lipoprotein (VLDL) or high density 
lipoprotein (HDL) receptors. 

A conduct according to any „f ^ preceding claims ^ ^ ^ 
encodmg the gene for Endothclial Nitjfc ^ ^ 

Granulocyte Colony Stimulating Facto, (GCSF). Macrophage Colony 
Stimulating Factor (MCSF) or Granulocyte Macrophage Colony Stimulating 
Factor (GMCSF). B 

A conduct according ,„ any of the preceding claims for use i„ a method of 
treatment of the human or anima] body. 
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